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1
METHODS FOR REAL-TIME ERROR
DETECTION IN CMP PROCESSING

BACKGROUND

Chemical mechanical polishing (“CMP”) is commonly
used in current advanced semiconductor processing. In CMP
arotating pad receives abrasive slurry. The pad is mounted on
a platen and typically oriented in a face up arrangement. A
wafer carrier is moved downward towards the pad. The wafer
carrier may rotate about a central axis and may oscillate. A
vacuum or electrostatic force may be used to mount a semi-
conductor wafer is to the carrier. The wafer carrier is posi-
tioned so that the face of the semiconductor wafer contacts the
polishing pad and the slurry. The wafer and carrier may also
rotate and oscillate during the polishing process. The wafer
may have a dielectric layer that requires planarization, for
example. In other process steps, for example for damascene
metal fabrication, CMP can be used to remove excess metal
and planarize the upper surface of plated metal conductors
and the surrounding dielectric, to form inlaid metal conduc-
tors within the dielectric layers. By abrasively polishing the
surface of the semiconductor wafer, asperities in layers can be
removed to planarize the layer. Excess material may be
removed as well.

During CMP processing of a surface, particles are some-
times generated. If a hard particle gets trapped on the wafer
surface between the wafer and the CMP polishing pad, wafer
scratching can occur. The scratches can cause defects in the
integrated circuit devices that are being manufactured on the
wafer and result in a loss of these devices. The wafer scratches
are often not detected until the wafer processing reaches a
later stage where some scan or visual inspection is done. The
scratch detection may happen after many more processing
steps are performed. Currently there is no mechanism for
detecting wafer scratches as they occur during the CMP pro-
cess. This leads to many wasted steps and loss of materials
and time.

A continuing need thus exists for methods and apparatus
for detecting wafer scratching problems or other errors in
CMP processes without the disadvantages currently experi-
enced using known methods.

BRIEF DESCRIPTION OF THE FIGURES

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

FIG. 1 depicts in a cross-sectional view a CMP tool com-
patible with the embodiments;

FIG. 2 depicts in a plan view a multi-platen CMP tool
compatible with the embodiments;

FIG. 3 depicts in a cross-sectional view a CMP tool illus-
trating an example embodiment;

FIG. 4 depicts in a signal waveform signals in the time
domain for use with an embodiment;

FIG. 5A depicts in a signal waveform a frequency domain
transform of a signal for use with an embodiment;

FIG. 5B depicts in a signal waveform another frequency
domain transform of a signal for use with an embodiment;

FIG. 6 depicts in a process flow diagram an example
method embodiment; and

FIG. 7 depicts in a process flow diagram an alternative
method embodiment.
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The drawings, schematics and diagrams are illustrative and
not intended to be limiting, but are examples of embodiments
of'the invention, are simplified for explanatory purposes, and
are not drawn to scale.

DETAILED DESCRIPTION

The making and using of the presently preferred embodi-
ments are discussed in detail below. It should be appreciated,
however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the inven-
tion, and do not limit the scope of the invention.

Embodiments of the present application which are now
described in detail provide novel methods and apparatus for
manufacturing semiconductor devices including performing
chemical mechanical polishing on layers while detecting
unusual vibration. The vibration is monitored during process-
ing in real time and unusual vibration may be used to detectan
unexpected condition during polishing. For example hard
particles between the wafer and the CMP pad can cause
vibration that is different from and therefore detectable from
normal vibration patterns during polishing. An alarm or mes-
sage signal can be sent; and further the CMP processing can
be stopped either manually or automatically with the alarm.
In this manner scratches or other defects can be remedied, or
processing stopped, saving materials and time that would
have otherwise been expended on processing a wafer that may
not yield completed devices. Importantly the embodiments
provide real time monitoring of a CMP process which avoids
continuing damage to numerous wafers; in contrast to the
conventional methods.

Current semiconductor processing often uses CMP pro-
cesses. Without limiting the embodiments, example process-
ing steps for CMP are to remove materials, to planarize
deposited layers or even wafer surfaces, and to pattern and
remove excess electroplated metal conductors in damascene
processes, for example. In one example CMP process, shal-
low trench isolation regions (“STI””) may be formed by etch-
ing trenches into a semiconductor substrate. Dielectric may
be deposited in the trenches to form the STI regions. In
forming the STI regions, the dielectric is deposited until the
trenches are filled and then overfilled, so that the excess
dielectric forms a layer over the substrate. A CMP polishing
step is then performed to planarize the STI regions and the
substrate; and the result is that the tops of the ST1 regions are
left coplanar with the surface of the semiconductor substrate.

Interlevel dielectric (“ILD”) layers may be formed over
planar transistors disposed on the substrate, for example. The
ILD dielectric is conformally deposited and thus portions of
the ILD that are formed over a higher structure, such as over
the gate conductor, will result in a correspondingly higher
portion of the deposited ILD. Again a CMP process may be
performed to polish the ILD layer and remove the high por-
tions, thus planarizing the ILD layer; forming a planar surface
needed or desirable for additional processing steps.

Metal layers for conductors are typically formed in single
or dual damascene processing steps. First level metal or “M1”
layer conductors may be formed from a single damascene
copper or copper alloy, aluminum or other conductor. The
copper is electroplated into a trench within a dielectric layer.
During electroplating the copper fills and then overfills the
trench. Because chemical etchants and other etch processes
are ineffective in patterning copper, another chemical
mechanical polishing process is used with an abrasive slurry
and a pad to mechanically remove the excess copper. An
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inlaid conductor is the result, formed within the trench and
surrounded by the dielectric layer. The finished conductor has
apolished upper surface that is coplanar with a surface of the
surrounding dielectric.

Accordingly, CMP processing is used repeatedly in semi-
conductor processing to form integrated circuits on semicon-
ductor substrates. FIG. 1 depicts in a cross-section a conven-
tional CMP processing tool 11, depicted here for explanatory
purposes. In FIG. 1, a rotating platen 13 is provided with a
polishing pad 15 overlying it. The pad 15 receives a slurry 23,
which is typically an abrasive compound and a fluid such as
deionized water, or a liquid cleaner such as KOH, continu-
ously supplied from a slurry source 19. A pad conditioner 17
is provided on a movable arm. The pad conditioner 17 oper-
ates to restore asperities to the pad 15, even as the wafer
polishing process wears down and makes the pad smooth.
That is, in order to retain the material removal qualities of the
CMP pad 15, pad conditioner 17 is used to maintain some
roughness on the surface of the pad that would otherwise be
lost during the CMP processing. The pad conditioner 17
carries an abrasive pad that may include, for example, dia-
mond abrasive. A wafer carrier 21 is shown with a downforce
applied. The wafer carrier 21 mounts a wafer 31, usually
initially by means of a vacuum, for example, and is typically
oriented with the active surface of the wafer face down. The
downforce holds the wafer in surface contact with the pad 15
during processing. The wafer carrier 21 may rotate about its
central axis as shown, and may also oscillate in a back and
forth motion. Pad conditioner 17 may also travel in an X-Y
direction to condition different portions of the rotating pol-
ishing pad 15. Pad conditioner 17 may be used even during
processing of a wafer, or without the wafer present.

During processing, the polishing pad 15, which may be
porous or non-porous and which comes in a variety of com-
mercially available types optimized for planarization, dielec-
tric removal, copper removal, etc., is rotated. The slurry 23 is
dispensed onto the pad 15. Wafer carrier 21 is placed into
position with an active or face surface of the wafer facing and
contacting the uppermost surface of the pad. If needed, a
positive downforce is applied to force the face surface of the
semiconductor wafer 31 onto the pad 15 and so place the
wafer surface in contact with the abrasive slurry.

As shown in FIG. 1, as the wafer 31 is polished, hard
particles 25 may be present. A hard particle is one that can
scratch a wafer. For example a piece of diamond form the pad
conditioner 17 may be present, or as the pad 15 wears, some
piece of the pad 15 may break off. Since the wafer has films
formed on the surface, a hard particle, for this discussion, is
one that may cause wafer scratches—that is, a particle harder
than typical films found on the wafer. For example, Cu film
hardness is 7, Si oxide film is 6-7, both in Mohs scale, so a
hard particle has a hardness greater than 6-7 on the Mohs
scale. These particles might become lodged between the
wafer and the pad and if the particles are sufficiently hard and
large, they can cause scratches in the surface of the wafer 31.
These hard particles may be from nanometer to micron diam-
eter size, depending on the source. The wafer scratches
caused by the hard particles may further cause defects in the
integrated circuits being formed on the wafer 31.

Further, in conventional CMP processing the wafer scratch
defects may not be detected until many more process steps are
performed, and then a visual or automated scan of the wafer
may reveal these defects. Inan example process, after shallow
trench isolation (STI) CMP, a wafer scan is not performed
until a later layer of SiN or other dielectric is completed. This
step occurs many hours later in the flow. Wafer scratches that
occur in the STI CMP process are not detected until the first
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damaged wafer reaches the inspection stage. Many wafers
may be processed at CMP during this time period. In one
example, 400 pieces are processed at the STI CMP stage in a
24 hour period. The first wafer scratch defect is detected after
8 hours of additional time elapses. By dividing a day into
three 8 hour portions, it can be seen that, taking 400/3,
approximately 130-140 pieces are processed after the
scratches start—and before the problem is detected. These
wafers may all be as damaged as was the first one that was
scratched. Thus, many materials, and processing time, are
wasted on hundreds of wafer that have scratches and may not
yield any functioning devices.

FIG. 2 depicts in an overhead view a multiple platen CMP
tool 51 that may be used with the embodiments. In FIG. 2,
three platens 53 are shown arranged in an automated CMP
tool 41. A tool could have 2 platens, 1 platen, and of course
more than 3 is possible. A loading handler (sometimes called
a “head clean load/unload” or “HCLU”) 61 receives and
delivers wafers from cassettes or carriers as shown by arrow
63. A wafer handler or robot arm 57 inside the tool 41 can
deliver and receive semiconductor wafers 55 from the HCLU
61 and to and from each one of three platens 53. The three
CMP platens 53 can simultaneously provide CMP processing
on the wafers 55. In different embodiments the three platens
could all perform an identical CMP process in parallel fash-
ion, increasing the throughput of the tool; alternatively the
three platens could perform sequential CMP processes, for
example, the abrasive slurry could be varied from one platen
to the next and a wafer could move from a coarse abrasive
process to a finer one by being processed at each of the three
platens in series. In any event, each of the platens in FIG. 2
may appear generally as the CMP station 11 in FIG. 1.

FIG. 3 depicts in a cross-section a CMP processing tool 71
that incorporates an embodiment. The platen 13, pad 15,
conditioner 17, wafer carrier 21, and slurry source 19 are
arranged as before. The wafer carrier 21 carries a semicon-
ductor wafer 31 and places the face surface of the wafer 31 in
contact with the pad 15; also arranged as before. In addition,
sensors 73 and 75 are attached to the platen 13 and the wafer
carrier 21. These sensors are coupled to a signal analyzer 77.

Ifthe hard particles 25 are lodged between wafer 31 and the
pad 15, as shown in FIG. 3, vibration will occur. The sensors
73 and 75 sense this vibration. If the sensed vibration exceeds
apredetermined threshold over the vibration observed during
normal or proper CMP operations, an abnormal condition is
detected. Detection may, in an example embodiment, be done
by visual inspection of a signal waveform displayed by the
signal analyzer. In other embodiments, as further described
below, an automated comparison and detection may be per-
formed by the signal analyzer 77. Vibration may be detected
by sensing other physical phenomenon other embodiments,
including pressure, acoustics, optical characteristics such as
refraction and reflection, temperature etc. In the non-limiting
example embodiments presented in detail here for illustrative
purposes, vibration is sensed.

While the detected vibration certainly may correspond to
the presence of hard particles on the CMP pad, other abnor-
mal conditions may also be detected by use of the embodi-
ments. These include, for example and without limiting the
embodiments, an unsmooth polishing speed, inconsistent
slurry caused by the dispenser or other mechanical problem,
abnormal slurry or absence of slurry, machine failure in an
motor or spindle, etc. Any of these conditions may also cause
the vibration. The embodiments provide an alarm on an
abnormal condition. Thus the embodiments, in addition to
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preventing or detecting wafer scratching, may detect many
other conditions as they occur and therefore improve effi-
ciency.

The vibration sensors may be commercially available
piezoelectric sensors for displacement, velocity, or accelera-
tion. In alternative embodiments the sensors may be acceler-
ometers such as are increasingly used in handheld devices to
detect motion and acceleration, for example. MEMS accel-
erometers or other semiconductor accelerometers may be
used. Piezoelectric sensors for vibration are also commer-
cially available and may be used with the embodiments.

In an embodiment, the signal analyzer 77 can collect time
domain information. For example, FIG. 4 depicts an ampli-
tude-time sample for a CMP process starting in a normal
mode. At time 5 a vibration, such as is caused by a hard
particle problem, begins. As can be clearly seen from the
amplitude v. Time trace of FIG. 4, the waveform changes
noticeably when the vibration begins at a time labeled “81”.
In an embodiment, the signal analyzer can further compare
the signal waveform to a “normal” waveform, such as one
from a stored signal template, and when the comparison
indicates that a vibration exceeds a predetermined threshold
value, automatically signal an alarm or abnormal condition.
Alternatively the signal analyzer output could be monitored
visually by an operator by simple visual inspection ofthe time
domain output. Advantageously, the vibration may be
detected real time during the CMP process. The comparison
can be made continuously, or periodically, during CMP pro-
cessing. In an embodiment the CMP tool and the process can
be halted when an abnormal condition is detected. In some
cases the damage may be remediated, for example, by remov-
ing the hard particles prior to continuing the CMP processing.
If the problem cannot be solved for the particular wafer in
process, that wafer can be removed from further processing,
saving time and materials that would be otherwise wasted.
Once the CMP tool is cleaned and ready, additional wafers
can be processed without the wafer scratching caused by the
hard particles.

In an alternative embodiment, additional signal processing
is performed. FIGS. 5A and 5B depict, for the vibration
sensing example, a pair of frequency domain transform out-
puts plotted for the time analysis signal waveform of FIG. 4.
In this example, a fast Fourier transform (“FFT”) is used,
although other frequency domain transforms could be used.
In FIG. 5A, the normal part of the signal trace of FIG. 4 is
shown in a frequency domain transform signal waveform. In
FIG. 5B, the abnormal part of the time trace of F1G. 4 is shown
in the frequency domain. A change in magnitude response
between frequency 20-30 Hz in FIG. 5B labeled “83” clearly
is not present in FIG. SA. This change corresponds to the
occurrence of a different vibration mode; so again by com-
paring normal operation frequency domain transform
samples to the real time signal frequency domain transform
sample, the signal analyzer can detect a vibration and signal
an alarm indicting an abnormal condition exists. In an alter-
native embodiment, visual inspection of the output of the
frequency domain transform could also be performed by an
operator. The method can further be extended to stop the
processing entirely, or, set an alarm indicating an out of nor-
mal condition at the CMP tool.

As is noted above some CMP tools have multiple platens,
such as illustrated in FIG. 2. In an embodiment, each platen in
such a tool could have an individual signal analyzer 77 and
multiple sensors 73, 75 to perform the vibration detection as
described above. In another embodiment, a multiplexer at the
input of a single signal analyzer could receive a pair of signals
from each platen stage. In a time sharing operation, the signal
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analyzer could output comparison results for the selected
CMP platen, and then sample data for another platen. In this
manner, only a single signal analyzer is needed for the tool,
with time multiplexed input signals and corresponding output
signals. Other variations on this arrangement form alternative
contemplated embodiments for this embodiment that are
within the scope of the appended claims.

FIG. 6 depicts in a flow diagram an example method
embodiment. In state 91, a wafer is loaded into a CMP tool. In
state 93, a surface of the wafer is polished with slurry in the
CMP tool. In state 95, in real time, output signals are received
from the sensors in the CMP tool. In state 97, a comparison is
performed. In an example embodiment, the comparison may
simply entail visual inspection of an output waveform, visu-
ally comparing the output to a normal or expected signal
output for the CMP tool.

In other embodiments, the comparison may involve cap-
turing a signal sample in a signal analyzer, as described
above. The captured signal corresponding to the received
signal is compared to an expected output signal for normal
conditions. The expected output signal may be retrieved from
stored signal templates, for example. These may be stored in
a memory device, hard disk drive, EEPROM or flash, com-
modity memory or the like coupled to the signal analyzer or
even provided as part of the signal analyzer. If the difference
between the real time received signal and the expected normal
signal exceeds a predetermined threshold, an alarm can be
indicated as is shown in state 99. In a further embodiment, the
CMP processing in the tool could be automatically halted. If
the compare at state 97 is false, which indicates the threshold
is not exceeded, the method determines if more processing is
needed at state 101, and if that is true, returns to state 93. If the
wafer processing is done, then the method ends at state 103.

FIG. 7 depicts in a flow diagram another alternative method
embodiment. In FIG. 7, the states for 91, 93, and 95 are the
same as described above for FIG. 6. State 96 is a further state
where a frequency domain transformation, such as an FFT or
discrete cosine transform (“DCT”) is performed on the
received signals. In state 97 a comparison is performed on the
frequency domain transform signals. Again, as described
above, in one example embodiment, this comparison may be
done by visual inspection of a waveform display, comparing
the current received signal as a frequency domain transform
to a normal received signal frequency transform for the CMP
tool. In another further alternative embodiment, the compari-
son process is automated. A comparison is performed by
determining a difference between a stored normal frequency
domain signal corresponding to normal output signals
received from the sensors, this is compared to the current
frequency domain signal corresponding to the received out-
put from the sensors. The stored normal output signals may be
stored in a memory device that is accessed by a signal ana-
lyzer, for example. If the difference between the frequency
domain transform signals exceeds a predetermined threshold,
the method transitions to state 99 and the alarm is indicated.
It the comparison is false, the method transitions to state 101,
and if more processing is needed, returns to state 93. If on the
other hand the processing for the wafer is ended, the method
leaves state 101 and ends at state 103.

In the embodiments above, the signal analyzer may be
provided as a commercially available device. Alternatively,
the signal analyzer could be provided by programming a
programmable microprocessor, processor, or computer. The
signal analyzer may include a non-transitory memory for
storing normal signal templates corresponding to output sig-
nals received from the sensors during normal CMP tool
operations, and a memory or store such as a buffer for storing
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the real time signals received from the CMP tool. A compara-
tor could be formed as an ASIC or IC; or it may be imple-
mented using software to program the microprocessor or
computer. Various implementations within the skill of one
skilled in the art could be done, using for example program-
ming complex programmable logic devices such as CPLDs,
FPGAs and the like, EEPROMSs or FLASH devices may be
used for program and data stores, and digital signal proces-
sors (DSPs), or ASICS could be used. Display circuitry
including video frame buffers and the like may be used to
provide a visually readable waveform output for a human
operator to inspect. All of these implementations are contem-
plated as alternative embodiments to the above described
embodiments and fall within the scope of the appended
claims.

In an embodiment, an method includes disposing a semi-
conductor wafer onto a wafer carrier in a tool for chemical
mechanical polishing (“CMP”); positioning the wafer carrier
so that a surface of the semiconductor wafer contacts a pol-
ishing pad mounted on a rotating platen; and dispensing an
abrasive slurry onto the rotating polishing pad, while main-
taining the surface of the semiconductor wafer in contact with
the polishing pad to perform a CMP process on the semicon-
ductor wafer. In real time, signals are received from the CMP
tool into a signal analyzer, the signals corresponding to one of
vibration, acoustics, temperature, and pressure. The method
continues by comparing the received signals from the CMP
tool to expected received signals for normal processing by the
CMP tool; and outputting a result of the comparing. In an
alternative embodiment, the method continues by indicating
an alarm condition when the comparison indicates that a
difference between the received signal and the expected sig-
nal exceeds a predetermined threshold. In a further embodi-
ment, the method continues by outputting a human readable
visual display for inspection by an operator. In still a further
embodiment, the method continues by doing the comparison
by performing a frequency domain transform on the received
signals, and outputting a human readable visual display of the
frequency domain transform for inspection by an operator. In
yet another embodiment, the method includes receiving sig-
nals from at least one vibration sensor in the CMP tool. In
another alternative, the method includes receiving signals
from a vibration sensor coupled to the rotating platen. In still
another alternative, receiving signals further comprises
receiving signal from a vibration sensor mounted on the wafer
carrier. In yet another alternative, the method includes per-
forming a frequency domain transform on the received sig-
nals; comparing the frequency domain transform of the
received signals to a stored frequency domain transform for
an expected received signal for normal processing; and indi-
cating, based on the compare of the frequency domain sig-
nals, when the received signal differs from the expected
received signal by an amount more than a predetermined
threshold. In a further alternative, the method includes stop-
ping the CMP process based on the comparing. In yet another
alternative, the method is performed and the received signals
are received from at least one vibration sensor when a hard
particle causes abnormal vibration in the CMP tool.

In an embodiment, an apparatus is provided including a
rotating platen supporting a chemical mechanical polish
(“CMP”) pad in a CMP tool; a wafer carrier configured to
position a surface of a semiconductor in contact with the
surface of the CMP pad; a slurry dispenser configured to
supply slurry to the CMP polishing pad; at least one sensor
coupled to the CMP tool and having a signal output, the
sensor providing signals corresponding to one of vibration,
acoustics, temperature, and pressure; and a signal analyzer is
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coupled to receive the signal output of the at least one sensor,
and configured to output an alarm when an abnormal condi-
tion exists. In a further embodiment, the apparatus includes
the signal analyzer which further includes a store of expected
output signals corresponding to a normal process condition in
the CMP tool; and a comparator configured to compare the
received signal output from the at least one sensor to a stored
expected signal and to indicate an alarm when the difference
exceeds a predetermined threshold. In another embodiment,
the signal analyzer further includes a human readable visual
display for displaying the received signal. In yet another
embodiment the signal analyzer further includes a frequency
domain transformation apparatus configured to perform a
frequency domain transformation on the received signal. In
still another embodiment, the at least one sensor includes a
vibration sensor coupled to one of the rotating platen and the
wafer carrier. In a further embodiment, the apparatus includes
avibration sensor that is one of an accelerometer and a piezo-
electric vibration detector.
In yet another alternative embodiment, a method is pro-
vided for sensing a hard particle in a chemical mechanical
polish (“CMP”) process. The method includes disposing a
semiconductor wafer onto a wafer carrier in a tool for CMP;
positioning the wafer carrier so that a surface of the semicon-
ductor watfer contacts a surface of a polishing pad mounted on
a rotating platen; dispensing an abrasive slurry onto the rotat-
ing polishing pad while maintaining the surface of the semi-
conductor wafer in contact with the polishing pad; in real
time, receiving signals from the CMP tool into a signal ana-
lyzer, the signals corresponding to vibration sensed in the
CMP tool; and comparing the received signals from the CMP
tool to expected received signals for normal processing by the
CMP tool. When the comparing indicates a difference
between the received signals and the expected received signal
that exceeds a predetermined threshold that corresponds to
the presence of a hard particle on the polishing pad, the
method continues by outputting an alarm. In a further alter-
native embodiment, the method further comprises stopping
the CMP tool upon outputting the alarm. In still another
embodiment, comparing the received signals further includes
performing frequency domain transformation for the received
signals, and the comparing further comprises comparing the
frequency domain transformation for the received signals to a
stored frequency domain transformation of an expected sig-
nal for normal processing by the CMP tool. In yet another
alternative for this embodiment, receiving signals from the
CMP tool further includes receiving signals from a vibration
sensor mounted on the wafer carrier, and receiving signals
from another vibration sensor mounted on the rotating platen.
The scope of the present application is not intended to be
limited to the particular illustrative embodiments of the struc-
tures, methods and steps described in the specification. As
one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, or steps, pres-
ently existing or later to be developed, that perform substan-
tially the same function or achieve substantially the same
result as the corresponding embodiments described herein
may be utilized according to the present invention. Accord-
ingly, the appended claims are intended to include within
their scope such processes or steps.
What is claimed is:
1. A method, comprising:
disposing a first semiconductor wafer onto a wafer carrier
in a tool for chemical mechanical polishing (“CMP”);

positioning the wafer carrier so that a surface of the first
semiconductor wafer contacts a polishing pad mounted
on a first rotating platen;



US 9,403,254 B2

9

dispensing an abrasive slurry onto the polishing pad while
maintaining the surface of the first semiconductor wafer
in contact with the polishing pad to perform a CMP
process on the first semiconductor wafer;

selecting the first rotating platen of the CMP tool with a

multiplexer at an input of a signal analyzer;

receiving signals from the first rotating platen of the CMP

tool into the signal analyzer, the signals being derived
from at least one vibration sensor on the first rotating
platen, the at least one vibration sensor comprising an
accelerometer;

comparing the received signals from the first rotating

platen of the CMP tool to expected received signals for
normal processing by the first rotating platen of the CMP
tool, while selecting a second rotating platen of the CMP
tool with the multiplexer and receiving signals from the
second rotating platen of the CMP tool, the second rotat-
ing platen contacting a second semiconductor wafer, the
second rotating platen comprising at least one acceler-
ometer; and

outputting a result of the comparing.

2. The method of claim 1, and further comprising:

based on the comparing, indicating an alarm condition

when a difference between the received signals from the
CMP tool and the expected received signals exceeds a
predetermined threshold.

3. The method of claim 2, and further comprising:

performing a frequency domain transform on the received

signals from the CMP tool;

comparing the frequency domain transform of the received

signals from the CMP tool to a stored frequency domain
transform for the expected received signals for normal
processing; and

indicating, based on the result of the comparing, when the

received signals from the CMP tool differ from the
expected received signals by an amount more than a
predetermined threshold.

4. The method of claim 2, further comprising stopping the
CMP process based on the step of comparing.

5. The method of claim 1, wherein the step of outputting the
result of the comparing comprises outputting a human read-
able visual display for inspection by an operator.

6. The method of claim 1, wherein the step of outputting a
result of the comparing comprises performing a frequency
domain transform on the received signals from the CMP tool,
and outputting a human readable visual display of the fre-
quency domain transform for inspection by an operator.

7. The method of claim 1, wherein the at least one vibration
sensor is on the wafer carrier.

8. The method of claim 1, wherein the at least one vibration
sensor is a plurality of vibration sensors.

9. The method of claim 1, wherein the at least one vibration
sensor includes a first vibration sensor on the wafer carrier
and a second vibration sensor on the first rotating platen.

10. A method for sensing a hard particle in a chemical
mechanical polish (“CMP”) process, comprising:

disposing a first semiconductor wafer onto a wafer carrier

in a tool for CMP;

positioning the wafer carrier so that a surface of the first

semiconductor wafer contacts a surface of a polishing
pad mounted on a first rotating platen;

selecting the first rotating platen with a multiplexer at an

input of a signal analyzer;

dispensing an abrasive slurry onto the polishing pad while

maintaining the surface of the first semiconductor wafer
in contact with the polishing pad;
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receiving signals from the first rotating platen of the CMP
tool into the signal analyzer, the received signals corre-
sponding to vibration sensed by at least one vibration
sensor on the first rotating platen, the at least one vibra-
tion sensor comprising an accelerometer;

comparing the received signals from the first rotating

platen of the CMP tool to expected received signals for
normal processing by the first rotating platen of the CMP
tool, while receiving signals from a second rotating
platen of the CMP tool, the second rotating platen
selected with the multiplexer, the second rotating platen
contacting a second semiconductor wafer, the second
rotating platen comprising at least one accelerometer;
and

when the comparing indicates a difference between the

received signals and the expected received signals
exceeds a predetermined threshold that corresponds to a
presence of a hard particle on the polishing pad, output-
ting an alarm.

11. The method of claim 10, and further comprising stop-
ping the CMP tool upon outputting the alarm.

12. The method of claim 10, wherein the step of comparing
the received signals from the CMP tool further comprises
performing frequency domain transformation for the received
signals from the CMP tool, and the step of comparing further
comprises comparing the frequency domain transformation
for the received signals from the CMP tool to a stored fre-
quency domain transformation of an expected signal for nor-
mal processing by the CMP tool.

13. The method of claim 10, wherein the at least one
vibration sensor is mounted on the wafer carrier.

14. The method of claim 13, and wherein the step of receiv-
ing signals from the CMP tool further comprises:

receiving signals from another vibration sensor mounted

on the first rotating platen.

15. A method, comprising:

performing chemical mechanical polish (CMP) processes

on a first workpiece and a second workpiece simulta-
neously;

selecting the first workpiece with a multiplexer;

detecting a first condition of the CMP processes using a

first vibration sensor, the vibration sensor comprising an
accelerometer;

comparing the first condition of the CMP processes to an

expected condition during first time periods of the CMP
processes;

selecting the second workpiece with a multiplexer;

detecting a second condition of the CMP processes using a

second vibration sensor;

comparing the second condition of the CMP processes to a

second expected condition during second time periods
of the CMP processes, wherein the first and second time
periods are interleaved; and

generating an alarm condition when the detected condition

deviates from the expected condition by a predetermined
threshold.

16. The method of claim 15, wherein the step of comparing
the condition to an expected condition includes:

converting the condition to a signal;

performing a frequency domain transform on the signal;

comparing the frequency domain transform of the signal to

a stored frequency domain transform for an expected
signal; and

indicating, based on the step of comparing the frequency

domain transform of the signal to a stored frequency
domain transform for an expected signal, when the con-
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dition of the CMP process differs from the expected
condition by an amount more than a predetermined
threshold.

17. The method of claim 15, further including stopping the
CMP process in response to the alarm condition. 5
18. The method of claim 15, further comprising condition-
ing a polishing pad used in the CMP process in response to the

alarm condition.
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